Abstract-The deployment of the Health Level seven (HL 7) version three (v3) standard is steadily increasing. However, the learning curve is long, steep and difficult because the information structure is complex. In this paper, we show how a hands-on approach for teachin � HL7 v3 as part of a . grad � ate course on healthcare information, allows students WIth diver sified background and no software development experience, to grasp a large breadth of knowledge in a very short time.
In fact, ensuring interoperability with HL 7 has required the use of interfaces most of the time. Such interfaces act as bidirectional proxy between communicating peers in order to resolve interoperability problem associated with the use of the standard such as removing some data that the receiving system cannot receive or remapping some data from one place in the message to another place. In parallel to the continuous development of HL 7 v2, the development of a completely new version has started more than a decade ago.
The new version known as version three (v3) is based on the extensible markup language (XML); it uses the latest development in web technologies such as web services as a transport mechanism and Web Services Description Language (WSDL) for specifying end nodes. HL7 v3 is not widely used yet; however, Canada Health Infoway made it a required pan Canadian standard which will surely help accelerate its deployment. Moreover, HL 7 v3 is the standard used in many Integrating the Healthcare Enterprise (IHE) [1, 2] integration profiles which help accelerating not only its integration into products but also its interoperability testing. 978-1-4244-6561-3/101$26.00 ©2010 IEEE is possible, i.e. how it can be used to construct a message in order to accomplish an action. This is the approach followed by most experts to learn HL7 v3. It is as a bottom up approach where we learn the details before learning the abstractions or the possibilities; in other words the how before the why or what for. The other way around is to start looking at what can be achieved before examining the details of how to achieve it. This is the approach that we followed in teaching HL 7 v3 for a group of graduate students of different backgrounds. Hyperlinks ease the navigation with no doubt, but may cause a novice reader to get lost by turning around. There are many resources available on the web on HL7 v3. The standard text [3] is of course the most complete documentation, but it is a sort of labyrinth. Most of other resources, including the primer book [4] , cover the information model along with other general concepts.
In this paper, we present a hands-on method for formally teaching HL 7 v3 as part of a graduate course on healthcare information. We also present and discuss the laboratory exercises that have been developed to help the students grasp a large breadth of knowledge in a short time.
II. METHOD
By teaching HL 7 v3 as part of a graduate course, we face many challenges: 1-Students have very diversified background; most of them are not necessarily engineers (i.e. one of the students that enrolled for this course was a physiotherapist). 2-Most of the students do not have any experience in software development. 3-Time is limited to seven hours of formal teaching and equivalently for supervised practical assignments.
We start by telling the student where to find a free draft version of the standard [3] . The documentation is very large and very difficult to grasp at first. The novice is quickly lost and may spend a large amount of time navigating the detailed documentation before getting completely desperate. Our goal is to use the documentation to construct a message quickly, within a three hours period of formal course. Therefore, we have introduced the structure of the documentation in the class and have distributed a step-by-step guide on how to navigate the documentation. This introduction follows a top down approach, where a specific message is presented first, its structure and finally the data types. We did not cover the entire data model; to the contrary, we covered only the necessary to construct a specific message. The student is expected to be able to come back to the standard for further information. Following the brief formal introduction in class, the students are required to interact with software that is provided to them by constructing specific messages.
We first point out the existence of the chapter entitle Version 3 Guide without getting into its details. This chapter introduces all the concepts used in the version 3 of the HL 7 standard. It is important that the students know about its existence so they can get back to it. Our goal is to construct one specific message. 
A. Hands-on Laboratory: Interacting with PIXv3 Manager and PDQv3 Supplier
We ask the students to write well formed XML messages using the HL7 standard documentation [3] and the IHE technical framework, more specifically the Patient Identi fier Cross-Referencing (PIX) and the Patient Demographics Query (PDQ) integration profiles [2] . We provide server software that fulfils the roles of a PIX Manager and a PDQ Supplier. It can receive messages to register a new patient, to update the demographic information about a reg istered patient, to respond to queries about demographic and identification information. The server validates the messages The server acting as a PIX manager and PDQ supplier is built on JAVA Servlet technology; it is made available to students along the Jetty Servlet container. This makes it easy to install and run as students need only to execute a small batch file to launch the server. The server, originally designed as a testing tool for the IRE PIX&PDQv3 integration profile [5, 6] , has been modified for the purpose of this exercise: a database has been added in order to store information and be able to answer HL 7 queries by querying the database.
The validation capabilities that are used for testing purposes are left unchanged; the messaging framework combined with the newly added database system allows processing of simple HL 7 messages. The database comes preloaded with several pre-registered patients. A simple web interface allows students to visualize the full content of the database at any time. Although the exercise described here doesn't rely on the preloaded patients, they can be used to provide more challenging tasks. Both client and server software are solely based on open source software and are freely available on multiple platforms.
B. System Architecture
The architecture of the system that is composed of a server and a client is depicted in Fig. 1 .
The system is composed of the following blocks:
J) HL7Send: is a utility used by the students to send HL 7 messages wrapped in Simple Object Access Protocol (SOAP) envelopes to the server's HL 7 endpoint. The returned response is stored in a file.
2) Web Browser: is a web browser that can be used by students to view all patients records that are contained it the Patient Database. \''?:--I---)
3) SOAP Endpoint
Messages constructed by students.
C. Actions executed by students
Using the software, students are required to perform several operations as depicted in the sequence diagram of Fig. 2 . The required operations consist in:
• Registering one patient in domain A; this is achieved by issuing a Patient Registry Recoded Added message.
• Registering the same patient in domain B, but with a misspelled name; this is achieved by issuing a Patient
Registry Recoded Added message.
• Correcting the misspelled name by updating the record with the correct information; this is achieved by issuing a Patient Registry Recoded Revised message.
• Querying the PIX manager with the ID from domain A to retrieve the ID for the same patient in domain B;
this is achieved by issuing Patient Registry Get Identifier Query message.
• Querying the PDQ supplier using enough demographics to get the patient registered in domain A in the response; this is achieved by issuing a Patient Registry Find Candidate Query message.
HL 7 messages are encapsulated in SOAP envelopes that specify the action being performed and its intended desti nation [7] . Students are requested to properly construct the 
IV. CONCLUSIONS
Learning HL 7 can be achieved with a hands-on approach.
Real problems motivated the students to search for the answers within the standard documentation enabling them to become familiar quickly with it. The students did not use any book on the subject. However, we have provided them with a small guide on how to navigate through the standard documentation; a sort of a guided hopping around in the documentation that proved to be sufficient. In fact, the standard documentation is the only complete resource. Show ing the students how to navigate around the documentation gave them enough confidence to dive into the documentation details.
